The BP neural network model has a convergence and self-adaptability. Based on BP neural network algorithms, we establish the prediction system of e-business performance for Chinese service industry. According to our former studies, the e-business performance is measured by process performance of customer relationship management, financial performance and competitive performance. In this BP neural network model, the inputs in this study are the data of e-business performance measured by a five-point Likert scale, and the expected outputs of training neural network come from cluster analysis. Then, we take 14 indicators of e-business performance as inputs, and the level of e-business performance as outputs. The results show that the evaluation system is reliable and accurate; it can be used for evaluating enterprise performance effectively.
Introduction
With the development of e-business, the evaluation of e-business performance for enterprises has promoted much interest among researchers and practitioners. Therefore, how to evaluate the costs and efficiency of implementing e-business? This is a knotty question for us to answer. At present, there are many evaluation systems of e-business having been established, such as the evaluation system of Electronic Commerce and Development (ECD) (Mesenbourg, 2004) and the evaluation system of China Internet Network Information Center (CNNIC, 2008) . However, there are few evaluation systems reflecting the whole aspects of e-business performance, especially, the evaluation system of e-business performance for service enterprises is scarce. Also, the application of these evaluation systems is limited, as researchers' subjective experience impacts results, and the evaluation results also can not be repeated.
The objective of this paper is to prove the rationality of our evaluation system of e-business performance. The evaluation system of e-business performance is established according to our former study (Zhao and Zhu, 2009 ). This evaluation system will be helpful for service enterprises to assess their e-business performance. Our enterprises also can establish a suitable evaluation system of e-business performance for themselves by adjusting this evaluation system.
In this paper, we adopt e-business value-creation model (Zhao and Zhu, 2009 ) to design evaluation indicators of e-business performance for service enterprises. E-business performance is measured by process performance of customer relationship management, financial performance and competitive performance. As the performance evaluation is non-linear, the BP neural network method is suitable to quantify evaluation indicators of e-business. In this research, we use MATLAB 7.0 as our analysis tool.
E-business performance and its evaluation index system
E-business performance evaluation is defined as researchers evaluate enterprises which have carried out e-business by using a set of quantitative and qualitative indicators. The evaluation index of e-business performance has evolved from financial indicators to composite non-financial indicators. The literatures suggest that there are two main streams to study e-business performance and its evaluation system: 1 using related theories to establish the evaluation index of e-business performance 2 using the related evaluation methodologies to measure the evaluation index of e-business performance.
Many researchers analysed e-business performance by using related value-creation theories, such as value chain analysis, transaction cost economics, and resource-based view (RBV) (Ray et al., 2005) . Using five forces competitive strategy model and value chain theory, Porter (2001) argued that the special advantage of the internet is the ability to link one activity with others and make real-time data created in one activity widely available, both within the company and with outside suppliers, channels, and customers. This can improve operational efficiency and create value for enterprises. In the view of the transaction cost economics, Malone and Laubacher (1998) suggested that e-business value can be created by reducing the information asymmetries and transaction costs, and enterprises conducted e-business can improve business performance. Based on RBV, Zhu (2004) argued that combined with information technology, e-commerce capabilities create value and improve performance for enterprises. There are two major evaluation methodologies adopted by researchers to study evaluation model of e-business performance, that is, the analytic hierarchy process (AHP) and fuzzy synthesis evaluation (FSE). The AHP is a structured technique for dealing with complex decisions. Rather than prescribing a 'correct' decision, the AHP helps the decision makers find the one that best suits their needs and their understanding of the problem. It was developed by Saaty in the 1970s and has been extensively studied and refined since then (Saaty, 2008) . In the last twenty years many features of Saaty's AHP have been criticised, especially the additive hierarchical composition of conventional AHP, which leads to the possibility of occurrence of the rank reversal phenomenon (adding an irrelevant alternative may cause a reversal in the ranking at the top). Another commonly used method is FSE. The fuzzy set theory was proposed by Zadeh in 1965. The existence of fuzziness has objectivity and university. It has strong practicability that applying fuzzy programming to make a synthesis evaluation on the indicator system. However, the shortcoming of this method is that the evaluation results are determined by subjective factors (Li and Liu, 2009) . Table 1 The evaluation indexes of e-business performance for service industry
First grade index

Second grade indexes Third grade indexes
Our personalised service has improved. (a1)
The efficient of collecting customer feedback has improved. (a2)
The satisfaction of products and service has increased. (a3)
The service time for every customer is shortened. (a4)
The number of the loyal customers (e.g., important client) has increased. Based on e-business value-creation model proposed by Zhao and Zhu (2009) , this paper divides e-business performance into three dimensions: process performance of customer relationship management, financial performance, and competitive performance (Table 1) . Process performance of customer relationship management reflects the operational efficiency and quality of CRM process after implementing e-business. Financial performance is to measure the level of improving related financial indicators (such as ROA). Competitive performance is to measure strategic advantages relative to enterprises' competitors. Based on BP neural network algorithm, we establish the evaluation index of e-business performance for service industry. In further, we use MATLAB 7.0 to train our evaluation indexes of e-business performance. The result is more accurate, it reveals that this evaluation index overcomes defects of AHP's and FSE's.
The application of BP neural network in evaluating e-business performance
Many evaluation methods are mainly subjective method, such as AHP, Delphi method. These methods are mainly used for qualitative assessment, which are lack of relevant quantitative factors, and it is also greatly affected by the evaluators' subjective factors. At present, BP neural network is the most widely adopted neural network algorithm, as it has non-linear approximation characteristics. The network functions as follows ( Figure 1 ): each neuron receives a signal from the neurons in the previous layer, and each of those signals is multiplied by a separate weight value. The weighted inputs are summed, and passed through a limiting function which scales the output to a fixed range of values. The output of the limiter is then broadcast to all of the neurons in the next layer. So, to use the network to solve a problem, we apply the input values to the inputs of the first layer, allow the signals to propagate through the network, and read the output values. Once the neural network training is completed, it can be taken as an effective tool to evaluate e-business performance. BP neural network has a strong applicability in evaluating e-business performance. The framework of BP Neural network of evaluating e-business performance is shown in Figure 1 (Wei, 2005) . 1 The layers of BP neural network. Funahashi proved that a three-layer BP neural network (including a hidden layer) can approximate to the mapping relationship (from inputs to outputs) with an arbitrary accuracy. Therefore, in this paper, the evaluation index of e-business performance was taken three-layer BP neural network as the basic structure.
2 The numbers of nodes in layers of BP neural network.
The number of nodes in the input layer (N). The number of nodes in the input layer should be equal to the number of sample vectors. The evaluation index of e-business performance is divided into three dimensions, which consists of 14 indicators. Therefore, the number of neurons in the input layer is 14.
The number of nodes in the output layer (Q). We take the evaluation results of e-business performance as the outputs. Therefore, the output nodes should represent the levels of evaluation results. The number of (0, 1) means that the company implemented e-business excellently. The number of (1, 0) means that the company implemented e-business moderately. The number of (1, 1) means that the company implemented e-business poorly. Therefore, the number of neurons in the output layer is 2.
The number of nodes in the hidden layer (P). The BP neural network is a function approximation. The number of nodes in the hidden layer is impacted by the precision and volatility of the approximate function. The number of nodes can be measured by both approximation and generalisation ability of the training results. According to researchers' experience, we compute the number of nodes in the hidden layer referring to the following empirical formula: n1 = (n + m) 1/2 + a, where 'n1' is the best number of nodes in the hidden layer, 'n' is the number of input neurons, 'm' is the number of output neurons, 'a' is a number between 1 and 10. As the input layer has 14 nodes, the output layer has 2 nodes, so n1 should range from 5 to 14. After training, the number of nodes in the hidden layer is set to 10.
The problems need to be considered
Before using of BP neural network, the following problems need to be considered in evaluating e-business performance, 3 Determining initial value of threshold and weight. The initial value of threshold and weight have a certain impact on the rate of network convergence, their value will be adjusted under the square errors and minimisation rules between the expected outputs and actual outputs, until the system is convergent. We set the matrix of weights (W ij and V jt ), and thresholds (θ j and γ t ) to obey the normal distribution of N(0, 1). These can be modified in the process of learning.
The learning-procedure of neural network system
When evaluating the e-business performance, we take the input vector of neural network [named P = (a 1 , a 2 , …, a n )], which reflects the basic characteristic of e-business performance. The value of evaluation result is the output 'T' in BP neural network. Then, we use sufficient samples to train our network. With repeated iteration, the different input vectors can get different output vectors. Thus, the weight coefficients W ij , and threshold (when i = 0, W ij is the threshold), is the internal parameters by the network's self-adaptive learning. The learning-procedures are as follows.
1 The initialisation of network. To set every value of connecting weight (W ij , V jt ), and threshold (θ j , γ t ) is a random value in the interval (-1, 1).
2 To set training set. To set the input vectors of learning samples (K), P k = (a Notes: t is the times of learning; η is the learning coefficient, 0 < η < 1; α is the adjusting parameter of weight-value, 0 < α < 1. Error signals spread from input layers to output layers, and adjust the connecting weight-value and threshold-value of various layers along this path in order to reduce the error signals. Then, to choose next learning samples, and go back to (2), until the global error (E) is less than the pre-provisioning value or the circuit number of learning is bigger than the pre-provisioning value. Thus, the process of learning is completed, and the evaluation model of e-business performance established at last.
Training and testing of evaluation system of e-business performance
Data collection
The questionnaire was pre-tested by numerous faculty members and senior managers in some service enterprises. Each item was reviewed for content, scope, and purpose. A five-point Likert scale (from very well to very bad) was used to collect most responses. The questionnaire consists of 14 items for three constructs. Additionally, we have other questions pertaining to industry, number of employees. Through phone calls, facsimiles, interviews and e-mails, we distributed our questionnaire surveys and face-to-face personal interviews took place between December 2006 and December 2008. During the whole process, 750 questionnaires were sent out. 216 of them were returned, but only 165 are valid. The usable response rate was 76.3%. Summary of the firms in the sample is shown in Table 2 . 
Validity and reliability
Constructs were assessed for their validity and reliability prior to training our data. Face validity and content validity were assessed through the grounding of measures in the literature. Also both some e-business managers in Chinese famous enterprises (such as Alibaba.com) and doctoral students were asked to carefully review the construct definitions and measures to ensure that the domain of each construct was adequately represented. Construct validity was evaluated based on factor analysis. Exploratory factor analysis (EFA) was first conducted to identify poor loading items. Confirmatory factor analysis (CFA) was then conducted using Lisrel8.72. Convergent validity was tested by examining two criteria 1 significant factor loadings for all items 2 all loadings were greater than 0.5. Discriminant validity was evaluated by the average variance extracted (AVE) according to the following criteria: 2 values of square root of AVEs should be much greater than correlations between latent variables.
All items met both criteria. The results indicate good convergent and discriminant validity, and thus good construct validity. Construct reliability was measured using Cronbach's alpha. The items were tested for scale reliability. The Cronbach alpha is 0.95, 0.95, 0.94 for the three constructs, indicating a high internal consistency (Ma, 2002) .
The training of BP neural network
A total of 162 enterprises (the remaining three samples were used to predict), which consists of Alibaba (A1 , were taken as inputs, and we took the corresponding evaluation classes as outputs (Table 3 ). The network training function was set to 'trainlm', as this function can run fast, and it is more suitable for medium and large networks. The learning function is set to default value, 'learngdm'. The performance function is set to 'mse'. After the network is created, we adopt MATLAB7.0 to conduct simulation, the training parameters was shown in Table 4 . After 42 times training, the result achieves pre-set learning accuracy. It reveals that this network training is successful. The error change in the process of network convergence is shown in Figure 2 . The evaluation result is shown in Table 4 . It reveals that this BP neural network model can evaluate the e-business performance accurately according to 14 indicators. Table 3 The data of e-business performance evaluation 
Enterprises
The application of this BP neural network
After training this network successfully, we should test the accuracy of our prediction. We take the remaining three enterprises (Wuhan branch of China CITIC Bank (A1'), Zhong Shan City Youth International Travel Service (B1'), Wuhan Monet Landscape Engineering Co., Ltd. (C1'), as inputs to test our model, shown in Table 6 . The predicted and actual results are shown in Table 7 respectively. By comparing the results using BP neural network, and actual results, the error is very small. Therefore, the experimental results show that the BP network model can be used to predict. In further, process performance of customer relationship management, financial performance, and competitive performance can reflect the comprehensive performance of implementing e-business. 
Conclusions
BP network model has the ability of self-organising, self-adaptive, and self-learning. It can weaken the influences of subjective factors. Therefore, this method is superior to other evaluation methods. In this paper, we apply BP neural network to evaluate e-business performance of service enterprises. The experience reveals that the error between the output value and actual value is small. Therefore, the model of BP neural network can evaluate e-business performance accurately. In this paper, e-business performance is measured by process performance of customer relationship management, financial performance and competitive performance. We also have proved the rationality of our evaluation system of e-business performance. This evaluation system will be helpful for service enterprises to assess their e-business performance. In the former studies, researchers just adopt financial performance or process performance to measure e-business performance (Mishra et al., 2007; Zhuang and Lederer, 2003) .
It is essential to discuss the limitations this study. Such limitations provide avenues for further research. The accuracy of the evaluation method of BP neural network depends not only on the number of training samples, but also the quality of training samples. The more quantity of training samples, the more accurately reflect e-business performance. Therefore, we should collect more samples to improve the accuracy of the BP neural network in our further research.
